Cost of the total process of enzyme production at industrial scale depends mainly on its recovery and the recovery largely depends on the solubility of enzymes in solution. CaCl2 is usually used by Novozymes A/S, Denmark in the pre-treatment of Protease B UF concentrate on early downstream processing. Therefore, it has been tried in these experiments to find out alternative and cheaper cationic salt that could be used in the pre-treatment of Protease B UF concentrate in order to increase protein solubility in a cost-effective strategy of Protease B recovery and production at industrial scale. Beside these, the research work was designed to investigate whether the solubility of Protease B UF concentrate follows the order of the salts in the Hofmeister series against pH or not. Protease B, a recombinant proteolytic enzyme produced from genetically engineered Bacillus licheniformis was used in this study. Six different salts, five different cations (KCl, NaCl, LiCl, MgCl2 and CaCl2) and one anionic salt (Na2SO4) from the Hofmeister series were tested in these experiments. The highest protein solubility in Protease B UF concentrate was found in the presence of MgCl2 at 1.0 M concentration but the most significant and interesting effect on protein solubility was observed by CaCl2. Finally, a qualitative disagreement was observed in the presence of CaCl2.
INTRODUCTION
Neutral salts varied in their effect on the solubility of proteins stated by Hofmeister in 1988. One group of salts could be ranked according to their efficiency at precipitating proteins, while a second group of salts could be ranked according to their efficiency at solubilizing proteins. Essentially this same total ordering of ions, with the same sign change between the two groups, can be generated by measuring their effect on protein stability or from many different physical measurements of aqueous salt solutions, such as the surface potential difference (at an air-water interface), the water activity coefficient, water proton nuclear magnetic longitudinal relaxation rates, infrared spectroscopy, behavior on Sephadex G-10 (gel sieving chromatography), Jones-Dole viscosity B coefficients, and solution neutron diffraction with isotopic substitution. [1] [2] [3] [4] Recently, substantial attention has been paid to Hofmeister phenomena because of their relevance to a broad range of fields. A few examples of physical behavior obeying the Hofmeister series include enzyme activity [5] [6] [7] , protein stability 8 , protein-protein interactions 9, 10 , protein crystallization 11 , optical rotation of sugar and amino acids 12 , as well as bacterial growth. 13 Although Hofmeister effects for macromolecules in aqueous solution are ubiquitous, the molecularlevel mechanisms by which ions operate are only beginning to be unraveled. 14 A general recovery process of industrial enzymes include one or more of the following steps; removal of insoluble, product recovery and isolation e.g., concentration and partial enrichment of products and finally purification or product polishing. [15] [16] [17] In an enzyme production process the minimum desired total protein concentration including product from the culture broth following downstream processing should be around 60 to 70 g/liter. 18, 19 A trouble was reported by Novozymes, It is clear that high recovery yield of an enzyme depends largely on the protein solubility which is determined by various interactions between protein-protein, protein-ion, ion-water, and waterprotein molecules. 20 Data on protein solubility first reported in the beginning of the last century. 21 In the first period of the century, solubility data of hemoglobin as a function of the nature of salt versus pH was reported by Green, 1931a, b. 22, 23 But data on protein solubility as a function of 
Test of salts in enzyme solutions
A solution of 20 ml diafiltered concentrate (20.2% RI, 2.7 mS/cm conductivity and 114.9 mg/g enzyme concentration) was portioned out into 18 small beakers. A solution of 30 ml deionised water with different amount of each salt was prepared and was then shaked properly to make all the salts completely soluble in deionised water. All salts (KCl, NaCl, LiCl, MgCl2, CaCl2 and Na2SO4) at all molar concentrations were found completely soluble in water except the anionic salt, Na2SO4.
Thus, the solution with Na2SO4 was shaked vigorously in order to make the salt completely soluble in water. Finally, the anionic salt (Na2SO4) was found completely soluble in solutions. 
RESULTS AND DISCUSSION

Test of salts in enzyme solution with 48.94 mg/g enzyme concentration
Following after pre-treatment of Protease B UF concentrate as discussed in the materials and methods section was used as the study material in these experiments. (Figure 1 and 2 
